Nonsense mutations across the whole coding sequence of Syne1/Nesprin1 have been linked to autosomal recessive cerebellar ataxia Type I (ARCA1). However, nothing is known about the molecular etiology of this late-onset debilitating pathology. In this work, we report that Nesprin1 giant is specifically expressed in CNS tissues. We also identified a CNS-specific splicing event that leads to the abundant expression of a KASH-LESS variant of Nesprin1 giant (KLNes1g) in the cerebellum. KLNes1g displayed a noncanonical localization at glomeruli of cerebellar mossy fibers whereas Nesprin2 exclusively decorated the nuclear envelope of all cerebellar neurons. In immunogold electron microscopy, KLNes1g colocalized both with synaptic vesicles within mossy fibers and with dendritic membranes of cerebellar granule neurons. We further identified vesicle-and membrane-associated proteins in KLNes1g immunoprecipitates. Together, our results suggest that the loss of function of KLNes1g resulting from Nesprin1 nonsense mutations underlies the molecular etiology of ARCA1.
Introduction
Autosomal recessive cerebellar ataxia type I (ARCA1) has been linked to nonsense mutations scattered along the gene encoding Syne1 (Synaptic nuclear envelope 1) also known as Nesprin1 (Nuclear envelope spectrin 1) (Fig. 1A) . These mutations were initially reported in populations from the Quebec region of Beauce and more recently in French, Japanese and Brazilian patients (Dupre et al., 1993; Gros-Louis et al., 2007; Izumi et al., 2013; Noreau et al., 2013) . This late onset pathology, which belongs to the complex spectrum of hereditary ataxias (Mancuso et al., 2014) , is characterized by cerebellar dysarthria, limb and gait ataxia and diffuse cerebellar atrophy. Nothing is currently known about the molecular etiology of that pathology.
Human and mouse Nesprin1 are exceptionally large genes composed of more than 140 exons assembled within a predicted~28 kb transcript (Zhang et al., 2001 (Zhang et al., , 2002 encoding a large protein called Nesprin1 giant (1 MDa). Nesprin2 giant (~750 kDa), which is encoded by a distinct gene, displays the same structural organization than Nesprin1 giant ( Fig. S1) (Rajgor et al., 2012; Zhen et al., 2002) . The latter consists of an N-terminal calponin homology domain that binds to actin, a main core flanked by multiple spectrin repeats and a C-terminal KASH (Klarsicht/Anc1/Syne1 homology) domain. This domain (~60 amino acids) includes a transmembrane domain followed by a polypeptide protruding within the perinuclear space that separates the inner from the outer membrane of the NE. This is where the KASH domain directly interacts with the SUN domain of Sun proteins, a family of transmembrane proteins residing within the inner nuclear membrane (Fig. S1 ) (Sosa et al., 2012; Zhou et al., 2012) . As such, SUN/KASH interactions within the perinuclear space mediate the formation of macromolecular assemblies called LINC (Linkers or the Nucleoskeleton to the Cytoskeleton) complexes (Crisp et al., 2006; Padmakumar et al., 2005) that span the nuclear envelope and underlie nuclear migration and anchorage within developing tissues and syncytia (Lombardi et al., 2011; Luxton and Starr, 2014; Razafsky and Hodzic, 2009; Starr and Fischer, 2005) .
Nesprin1 also encodes smaller C-terminal isoforms such as Nesprin1α (120 kDa) and Nesprin1β (350 kDa) that interact with Sun proteins via their KASH domain (Apel et al., 2000; Padmakumar et al., 2004; Rajgor et al., 2012; Zhang et al., 2001) . Additional N-terminal isoforms such as Drop1, CPG2, GSRP-56 and p50
Nesp1 have also been identified ( Fig. 1A ) (Cottrell et al., 2004; Kobayashi et al., 2006; Marme et al., 2008; Rajgor et al., 2012 Rajgor et al., , 2014 .
